539th MEETING, UXBRIDGE 985 than 30pg/g fresh wt., only a small proportion of the zinc was associated with the lowmolecular-weight components of fraction 111. Increases in liver zinc concentration above this value were largely accounted for by an increase in the zinc content of this fraction. No similar modifications of the zinc content of the higher-molecular-weight components (fractions I and 11) occurred in response to the above dietary treatments.
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Further confirmation of the effects of food restriction on liver zinc distribution was obtained in a separate study with younger (70g) rats killed 24h after suffering minor or severe restriction of intake (namely 7.8 or 2.1 g of food/day). The contributions of zinc in fraction 111 to total hepatic zinc were 11 and 19% respectively.
Copper was present in the liver supernatants mainly in fraction 11, usually about 2pg/g of liver or 70-80% of the soluble copper. Only 5 % of the soluble copper was in fraction 111, except where liver zinc concentrations were high, as in food-restricted rats (16%) and ZnS0,-injected rats (up to 30%). The Cu/Zn ratio in the supernatant determined to some extent the Cu/Zn ratio in fraction 111. These findings suggest that fraction I11 may serve as a temporary store for zinc or be involved in some detoxication mechanism. However, the fate of zinc after its incorporation into the protein has not been established, and it is not known whether the zinc is subsequently excreted or is redistributed to other tissues. The association of copper with fraction I11 does not necessarily imply that it has a similar role in copper metabolism. Webb (1972) reported that the injection of a zinc salt into rats induces a low-molecularweight zinc-binding protein in the liver cytosol, this protein resembling the cadmiumbinding protein metallothionein. A similar observation was made independently by Bremner et a/. (1973) , who further showed that food restriction, another means of increasing liver zinc concentration, also results in the appearance of this protein. In this present investigation a study was made of the time-courses of both the uptake of zinc in the liver and the appearance of this low-molecular-weight zinc-binding fraction after an intraperitoneal injection of ZnSO, into rats. In addition, results are presented of initial studies aimed at the elucidation of the mechanisms controlling the synthesis of this protein.
Studies on the
Adult male rats offered unrestricted access to a synthetic diet containing 40pg of zinc (as ZnSO,) were used throughout this study. Livers taken from either ZnS0,-injected (30011.8 of Zn intraperitoneally) or saline-injected controls were homogenized and the cytosol(1OOOOOg supernatant) was chromatographed on Sephadex G-75 as previously described (Bremner et al., 1973) .
In agreement with our previous findings, zinc in the liver cytosol of control rats separated into two major peaks when chromatographed on Sephadex G-75 (peaks I and 11). Molecular weights were greater than 65000 and about 35000 respectively. Similarly, 7 h after the injection of ZnSO,, a third peak (peak 111) was found with a molecular weight of about 12000. The increase in liver zinc concentration and changes in the zinc content of peak I11 after the injection of ZnSO, are shown in Fig. 1 . After a 2 h delay the zinc Vol. 1 d content of peak 111 and liver zinc concentration rise to a maximum 18 h after injection.
At all times studied the amount of zinc in peak 111 accounts for 70-80 % of the increased liver zinc content found in the ZnS0,-injected rats. The subsequent fall in the amount of zinc in peak 111 from 18 h to 24h after the injection indicated that this zinc fraction is labile and has a rapid turnover.
Addition of ZnS0, in vitro to the liver cytosol of control rats failed to promote the subsequent appearance of peak I11 and suggested that the injection of ZnSO, in vivo induces the synthesis de novo of the zinc-binding component in peak I11 rather than binding to an existing metal-free apoprotein. In support of this hypothesis the simultaneous injection of cycloheximide (2mg/kg body wt.) with 300pg of zinc (as ZnS0,) inhibited the subsequent appearance of peak I11 in livers removed 4 h later. It is worthy of note that, whereas this dose of cycloheximide inhibited ['4C]lysine incorporation into total liver protein by over 90%, it was without effect on the distribution of zinc in peaks I and I1 of either ZnS0,-injected or saline-injected controls.
In an attempt to obtain further evidence of a specific effect of the injection of ZnSO, on the induction of a zinc-binding protein in peak 111, a study was made of the incorporation of [14C]lysine into total liver protein and the proteins accompanying zinc in the liver cytosol of control and ZnS0,-injected rats. At 3 h after the injection of ZnS0, or saline, rats were injected with [14C]lysine (2.5pCi). After a further 1 h the rats were killed and the livers were homogenized and fractionated on Sephadex G-75. The proteins contained in the fractions corresponding to peaks I, I1 and I11 were concentrated by freeze-drying, precipitated with 10% (w/v) trichloroacetic acid and prepared for assay of 14C by Fig. 1. Liver zinc concentrations (0) andzinc content of the zinc-binding fraction (peak I I I ) ( 0 ) after the injection of ZnSO, into rats Each point represents values determined on the pooled livers of at least four rats. Other details are given in the text. methods previously described (Davies et al., 1972) . The injection of ZnS0, stimulated
[14C]lysine incorporation into total liver protein by 28 %. A similar stimulation was found in peaks I and I1 (25 and 32% stimulation respectively), whereas the stimulation of [14C]lysine incorporation into peak I11 was more than 50%.
Although these results are not inconsistent with the hypothesis that the injection of ZnSO, results in the synthesis de novo of a low-molecular-weight zinc-binding protein in Peak 111, arelatively high amount of incorporation into the proteins in peak IIIinanimals not receiving zinc indicated that this was a multicomponent fraction. The specific effect of zinc was therefore resolved in a dual-isotope study in which ZnS0,-injected and control rats were subsequently injected with [14C]lysine (2.5pCi) or [3H]lysine (lOpCi) respectively, by using the same protocol as described above. In the first experiment the liver cytosol fraction obtained from [14C]lysine-injected ZnS0,-treated rats was mixed with an equal volume of liver cytosol from [3H]lysine-injected control rats, and the mixture was chromatographed on Sephadex G-75. Individual fractions collected were concentrated by freeze-drying, adsorbed on filter-paper discs for the counting of 14C and 3H radioactivities in protein by the method of Mans & Novelli (1961) .
To account for differences in 14C and 3H quenching a second experiment was performed in which the labelled compounds injected were the converse of those above. After determination of the overall mean 14C/3H ratio from the first experiment and the 3H/14C mean ratio from the second experiment, individual deviations from these two sets of normalized means were determined for each chromatographic fraction. Thus the results for each fraction from the two experiments could be averaged (Fig. 2) .
The results (Fig. 2) show that the only marked deviation from the mean ZnS04-treated/control isotope ratio occurred in the fraction corresponding to peak 111, thus indicating that the injection of ZnS0, specifically stimulates lysine incorporation into protein(s) of this peak. This finding is consistent with the suggestion that the injection of Fraction no. Livers were homogenized in 10mh.r-Tris-acetate buffer, pH8.2, at 1°C and centrifuged at lOOOOOg for 1 h. The supernatant was then separated on Sephadex G-75 with thesame buffer as eluant. Concentrations of zinc (0---0) and the ZnS04-treated/contro1 isotope ratios (8-0) (for explanation see the text) are shown.
ZnSO, induces the synthesis of a low-molecular-weight zinc-binding protein de novo in rat liver. Taken together, the results of this present investigation and those of Bremner et al. (1973) and Webb (1972) Zinc is eliminated from the body principally in the faeces (Mikac-DeviC, 1970) . Pancreatic juice and, to a smaller extent, bile are the main routes for this excretion. The biliary excretion of zinc has been studied in male Wistar rats with external biliary fistulae after a single intravenous injection of 65ZnC12 (100-2OOpCi ; approx. 1 pCi/pg). Of the total dose of radioactivity about 4% was recovered in the bile over a period of 48 h, the output being greatest during the first 3 h of collection. The distribution of zinc excreted in the bile (samples obtained in vivo) was studied by using gel filtration and polyacrylamide-gel electrophoresis. In addition, samples of bile collected from untreated rats were mixed with 65ZnC12 in vitro and subjected to the same analyses.
Gel filtration was carried out with columns of Sephadex G-200 eluted with 0.9 % NaCl at 4°C. The absorbance of fractions was measured at 280 and 405nm as an index of protein and pigment content respectively, and the radioactivity of the fractions was also determined .
Some radioactive zinc not associated with protein or pigment peaks was found both in the experiment carried out in vivo and in that carried out in vitro. However, in both cases most of the radioactivity (approx. 75 %) was eluted from the column at a volume close to the total bed volume. This radioactivity peak coincided with peaks in the protein and pigment distribution. The tetrapyrrolic nature of the pigment in this fraction was confirmed by a positive diazo test.
A macromolecular complex containing protein and pigment was excluded from the Sephadex G-200 gel (mol.wt. >800000), and in bile from rats that had received an intravenous injection of 65ZnC12 there was an associated small peak of 65Zn corresponding to 1-2 % of the total radioacthity applied to the column. In the experiment carried out in vitro this fraction was not labelled. Other minor bile protein fractions were observed: again, these were associated with a small amount of radioactive zinc in the experiment carried out in vivo (but not in that carried out in vitro).
On electrophoresis of rat bile on polyacrylamide gel a yellow pigment band migrated towards the anode. Behind this nine protein bands could be seen after staining with Naphthol Black. Visual comparison of stained gels from the experiments carried out in uiuo and in vitro (see above) showed a similar pigment and protein distribution with the exception that one protein band (P), of intermediate mobility, was much more heavily stained in the bile from animals that had received 65ZnC12 intravenously. This possibly represents an increase in concentration of a specific protein in bile in response to a large dose of zinc. The location of 65Zn was shown by slicing the gel (2mm sections) and determining the radioactivity of these. Two main peaks of radioactivity were
